Phenotypic studies of mice lacking metabotropic glutamate receptor subtype 7 (mGluR7) suggest that antagonists of this receptor may be promising for the treatment of CNS disorders such as anxiety and depression. Suzuki et al. (Suzuki et al., 2007) recently reported the in vitro characterization of a novel mGluR7 antagonist called MMPIP, which noncompetitively inhibited the activity of orthosteric and allosteric agonists at mGluR7. As reported by Suzuki et al., we describe that MMPIP acts as a noncompetitive antagonist in calcium mobilization assays in cells co-expressing mGluR7 and the promiscuous G protein Gα15. Assessment of the activity of a small library of MMPIP-derived compounds using this assay reveals that, despite similar potencies, compounds exhibit differences in negative cooperativity for agonist-mediated calcium mobilization. Examination of the inhibitory activity of MMPIP and analogs using endogenous G i/o -coupled assay readouts indicates that the pharmacology of these ligands appears to be context-dependent and MMPIP exhibits differences in negative cooperativity in certain cellular backgrounds. Electrophysiological studies reveal that, in contrast to the orthosteric antagonist
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Abstract
Phenotypic studies of mice lacking metabotropic glutamate receptor subtype 7 (mGluR7) suggest that antagonists of this receptor may be promising for the treatment of CNS disorders such as anxiety and depression. Suzuki et al. (Suzuki et al., 2007) recently reported the in vitro characterization of a novel mGluR7 antagonist called MMPIP, which noncompetitively inhibited the activity of orthosteric and allosteric agonists at mGluR7. As reported by Suzuki et al., we describe that MMPIP acts as a noncompetitive antagonist in calcium mobilization assays in cells co-expressing mGluR7 and the promiscuous G protein Gα15. Assessment of the activity of a small library of MMPIP-derived compounds using this assay reveals that, despite similar potencies, compounds exhibit differences in negative cooperativity for agonist-mediated calcium mobilization. Examination of the inhibitory activity of MMPIP and analogs using endogenous G i/o -coupled assay readouts indicates that the pharmacology of these ligands appears to be context-dependent and MMPIP exhibits differences in negative cooperativity in certain cellular backgrounds. Electrophysiological studies reveal that, in contrast to the orthosteric antagonist LY341495, MMPIP is unable to block agonist-mediated responses at the Schaffer collateral-CA1 synapse, a location at which neurotransmission has been shown to be modulated by mGluR7 activity. Thus, MMPIP and related compounds differentially inhibit coupling of mGluR7 in different cellular backgrounds and may not antagonize coupling of this receptor to native G i/o signaling pathways in all cellular contexts. The pharmacology of this compound represents a striking example of the potential for context-dependent blockade of receptor responses by negative allosteric modulators.
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The G protein-coupled receptors (GPCRs) play critical roles in regulating a broad range of signaling pathways within virtually every organ system (George et al., 2002) and are the targets of intense discovery efforts for new drug candidates. Despite this concentrated focus, selective ligands do not exist for the large majority of these receptors (Howard et al., 2001 ).
Many GPCRs interact with natural ligands based on complex or highly restricted chemical scaffolds (for example, amino acids, peptides, lipids, etc.), that are not well suited to optimization of selective small molecule reagents. Additionally, high conservation of the orthosteric sites of GPCR subfamilies presents challenges in developing high selectivity for a given receptor subtype. For these reasons, increasing interest has been placed on identifying compounds that interact with GPCRs at allosteric, rather than orthosteric, binding sites to modulate receptor function. Recently, both positive allosteric modulators (PAMs) and negative allosteric modulators (NAMs) have been described for multiple GPCRs that possess high subtype selectivity and are suitable for modulation of receptor function in both in vitro and in vivo settings (Conn et al., 2009; Gilchrist and Blackmer, 2007; Groebe, 2009 ).
While allosteric modulators of GPCRs provide potential advantages over traditional orthosteric ligands, these compounds also introduce new layers of complexity into receptor pharmacology. In recent years, there has been a growing appreciation of the ability of a single GPCR to simultaneously regulate multiple signaling pathways (Kenakin, 2005) . Furthermore, ligands can stabilize distinct conformational states of GPCRs, activating or inhibiting a discrete subset of the possible cellular behaviors linked to that receptor. The phenomenon by which different ligands can preferentially stabilize discrete receptor conformations and differentially affecting various signaling pathways has been termed "functional selectivity" or "ligand directed MOL#58768 trafficking of receptor stimulus" (LDTRS) (reviewed in (Leach et al., 2007; Urban et al., 2007) ).
In addition to the ability of unique ligands to preferentially stabilize specific receptor confirmations to affect signaling, the context for receptor expression may also play a critical role in the pharmacology of individual ligands. Differences in the G protein complement or other receptor-interacting proteins within a cell, for example, may engender different receptor conformations or signaling (in the presence or absence of agonist) potentially altering ligand pharmacology.
Since allosteric modulators stabilize different conformational states of GPCRs, it is anticipated that these compounds could engender functionally selective or context-dependent effects in the actions of orthosteric ligands that co-bind to the receptor. There are now examples of differential signaling effects induced by the actions of GPCR PAMs (Zhang et al., 2005) as well as examples of the "probe dependence" of allosteric modulators, i.e., that certain modulators will behave differently in the presence of distinct orthosteric ligands (Kenakin, 2008) . NAMs can also theoretically stabilize distinct receptor conformations, preventing orthosteric agonists from activating some but not all signaling pathways or exhibiting differential levels of negative cooperativity on agonist affinity or efficacy (Kenakin, 2005) . While functionally selective and context-dependent behavior of compounds introduces potential complexity into ligand development, it is anticipated that this phenomenon will provide exciting opportunities to tailor new drug therapy to specifically affect coupling of GPCRs to some signaling pathways but not others. Suzuki et al. recently reported the discovery of the compound MMPIP as a highly selective NAM of the metabotropic glutamate receptor subtype 7 (mGluR7) that exhibits intrinsic inverse agonist activity (Nakamura et al., 2009; Suzuki et al., 2007) . This compound MOL#58768 represents a major breakthrough in that it is the first selective antagonist of mGluR7, a receptor which is thought to play critical roles in regulating excitatory synaptic transmission in many regions of the CNS de Rover et al., 2008; Pelkey et al., 2005) . We synthesized MMPIP and multiple MMPIP analogs to develop a further understanding of the actions of this compound. Consistent with previous findings (Suzuki et al., 2007) , we observed that MMPIP and related compounds blocked mGluR7-mediated increases in intracellular calcium mobilization via a promiscuous G protein. However, MMPIP and its analogs exhibited lower potencies and efficacies as antagonists of mGluR7 coupling to G-protein-coupled inwardly rectifying potassium (GIRK) channels through endogenous cellular G proteins. Activity of MMPIP on coupling of mGluR7 to inhibition of cAMP accumulation in this same cell line was complex; the compound appeared to inhibit constitutive activity of the receptor but did not block the cAMP-inhibition response induced by an orthosteric agonist. MMPIP was further examined using a label-free technology to directly compare mGluR7 responses in distinct cell backgrounds. In these studies, it was clear that MMPIP exhibited different pharmacology depending upon the cell background for expression. Finally, MMPIP did not block effects of an mGluR7 agonist at a glutamatergic synapse in the hippocampus where a role for mGluR7 has previously been established . Since regulation of transmission at excitatory synapses is thought to be a major role of mGluR7, these findings suggest that MMPIP may not block many of the predominant effects of mGluR7 in vivo. These results suggest that the actions of MMPIP and potentially other GPCR NAMs may be highly specific for modulating signaling pathways in different cellular contexts.
Materials and Methods
Cell lines and cell culture. BHK cells stably expressing rat mGluR7a were transfected with a pCDNA 3.1+ plasmid encoding Gα15 (Conklin et al., 1993) . Cells were grown in Dulbecco's Modified Eagle Medium (DMEM) containing 10% FBS, 20 mM HEPES, 2 mM Lglutamine, 100 mM penicillin/streptomycin, 1X non-essential amino acids, 1 µM methotrexate, and 400 μg/ml G418 (Mediatech, Inc., Herndon, VA) at 37ºC in the presence of 5% CO 2 . Rat mGluR7a/HEK/GIRK cells were grown in growth medium (45% DMEM, 45% F-12, 10% FBS, 20 mM HEPES, 2 mM L-glutamine, 100 mM penicillin/streptomycin, non-essential amino acids, 700 μg/ml G418, and 0.6 μg/ml puromycin) at 37ºC in the presence of 5% CO 2 . For both cell lines, cells were plated for assays in Assay Medium (DMEM, 10% dialyzed fetal bovine serum, 20 mM HEPES, 1 mM sodium pyrvuate). All cell culture reagents were purchased from Invitrogen (Carlsbad, CA) unless otherwise noted.
Calcium assays. One day prior to assay, cells were plated at 30,000 cells/well in a blackwall, clear-bottom 384 well plate (Greiner) in glutamine-free medium, and subjected to heat shock at 42ºC for 2.5 hours. Cells were incubated at 37°C, 5% CO 2 , overnight. The following day, cells were incubated for one hour at room temperature with 20 μl of 3 μM Fluo-4, AM, prepared as a 2.3 mM stock in DMSO, mixed in a 1:1 ratio with 10% (w/v) pluronic acid F-127 (Invitrogen, Carlsbad, CA), and diluted in Calcium Assay Buffer (Hank's Balanced Salt Solution, 20 mM HEPES, 2.5 mM probenecid). Dye was then replaced with 20 μl Calcium Assay Buffer. MMPIP-derived test compounds and the group III mGluR agonist L-AP4 were prepared at 2.5X or 5X their final concentrations, respectively, in Calcium Assay Buffer. After initial fluorescence readings in a Hamamatsu FDSS6000 (excitation 470 +/-20 nm, emission MOL#58768 540+/-30 nm), 20 μl of test compound was added to cells and fluorescence was measured every 24 s for 30 min. 10 μl of vehicle or agonist was then added and fluorescence was measured every second for 2 minutes. Raw data were exported to Microsoft Excel and the maximum fluorescence reading for each trace was measured. Concentration-response curves were integrated and fit using a four-parameter logistic equation in GraphPad Prism (GraphPad Software, Inc., La Jolla, CA).
Thallium flux assays. Thallium flux assays for mGluR7, 4 and 8 were performed as described in Niswender et al., (2008) using a Hamamatsu FDSS6000. Briefly, cells were plated at 15,000 cells/well on poly-D-lysine coated 384 well plates (Greiner Bio-One, Monroe, NC) in Assay Medium and the following day the medium was replaced with 20 µl of either 1.7 µM BTC, AM or 0.33 uM Fluo Zn2+ (FluxOr, Invitrogen) (dyes were pre-mixed 1:1 with 10% pluronic acid 127 and then dissolved in Assay Buffer (Hank's Balanced Salt Solution, 20 mM HEPES Assay Buffer). Cells were incubated with dye for 45 minutes and the dye was removed and replaced with 20 l of Assay Buffer. Baseline fluorescence readings were taken for 3 seconds, 20 μl of 2.5x antagonist was added, and fluorescence was measured every 2 seconds for 5 minutes. 10 μl of L-AP4 or glutamate was then added and fluorescence was measured for an additional 2 minutes. Fluorescence traces were analyzed by calculating the slope of the change in fluorescence from 10 to 20 seconds after agonist/thallium addition. In fullconcentration-response curve experiments of MMPIP, nonspecific effects induced by MMPIP were apparent from parallel experiments with mGluR4, mGluR8, and M4 muscarinic receptor experiments ( Figure 3B ) and are most likely due to nonspecific inhibition of the GIRK channel or another mechanism mediating background thallium flux in these cells. To correct for these apparent nonspecific effects, concentration-response data were expressed as the percent relative cAMP inhibition studies. Cells were plated in a poly-D-lysine coated 96-well plate one day prior to assay. After serum-starving for 2 h, cells were equilibrated using DMEM, 20 mM HEPES, and 0.025% ascorbic acid for 10 minutes at room temperature. Cells were then incubated with 500 μM IBMX and antagonist or appropriate vehicle for 30 minutes at 37ºC. were anesthetized with isoflurane, decapitated and the brains were quickly removed and submerged into ice-cold cutting solution (in mM: 110 sucrose, 60 NaCl, 3 KCl, 1.25 NaH 2 PO 4 , 28 NaHCO 3 , 5 glucose, 0.6 (+)-sodium-L-ascorbate, 0.5 CaCl 2 , 7 MgCl 2 ) continuously bubbled with 95% O 2 /5% CO 2 . The brains were then hemisected and 400μm transverse slices were made using a vibratome (Leica VT100S). Individual hippocampi were removed from the slice and transferred to a room-temperature mixture containing equal volumes of cutting solution and artificial cerebrospinal fluid (ACSF; in mM: 125 NaCl, 2.5 KCl, 1.25 NaH 2 PO 4 , 25 NaHCO 3 , 25 glucose, 2 CaCl 2 , 1 MgCl 2 ) where they were allowed to equilibrate for 30 minutes. The hippocampi were then placed into a holding chamber containing room temperature ACSF continuously bubbled with 95% O 2 /5% CO 2 and allowed to recover for at least 1 hour.
Following recovery, slices were moved to a submersion chamber continuously perfused with oxygenated ACSF at a rate of 1.5 milliliter per minute. ASCF temperature was maintained between 24 and 25ºC. Drugs were diluted to the appropriate concentrations in either -DMSO (< 0.1%) plus ACSF or ACSF equilibrated with 95% O 2 /5% CO 2 and applied to the slice through the perfusion medium. Field excitatory postsynaptic potentials (fEPSPs) were evoked at 0.05Hz by placing a bipolar nickel-chromium stimulating electrode in the stratum radiatum near the CA3-CA1 border in order to stimulate the Schaffer collaterals. Baseline intensities that evoked half-maximal fEPSPs were chosen for all experiments. Recording electrodes were pulled on a Flaming/Brown micropipette puller (Sutter Instruments) to a resistance of 4-5MΩ, filled with ACSF and placed in the stratum radiatum of area CA1. Field potentials were recorded using a Warner Instruments PC-505B amplifier (Warner Instruments, Hamden, CT) and analyzed using Clampex 9.2. Sampled data was analyzed off-line using Clampfit 9.2. Three sequential fEPSPs were averaged and their slopes calculated. All fEPSP slopes were normalized to the average slope calculated during the predrug period (percent of predrug).
Synthesis of MMPIP and analogs. Synthesis of MMPIP and analogs is described in detail
in the Supplemental Chemistry Methods.
Chemicals. L-AP4 was purchased from Ascent Scientific and LY341495 and glutamate were purchased from Tocris Bioscience.
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Results
MMPIP and its analogs antagonize responses in rat mGluR7/Gα15 expressing cells.
We synthesized MMPIP and approximately 40 structurally related analogs to determine the effects of these compounds on mGluR7. Initially, activities of MMPIP-derived compounds were evaluated by determining their effects in Baby Hamster Kidney (BHK) cells co-expressing mGluR7a and the promiscuous G protein Gα15. While mGluR7 is normally thought to couple primarily to G i/o and associated signaling pathways (Saugstad et al., 1994; Wu et al., 1998) , this receptor can also couple via Gα15 to induce increases in intracellular calcium mobilization (Corti et al., 1998; Suzuki et al., 2007) . Consistent with previous results (Suzuki et al., 2007) ( Figure 1B ; (Suzuki et al., 2007) ).
Synthesis and screening of analogs of MMPIP revealed that several compounds exhibited similar inhibitory effects on mGluR7-mediated calcium responses (Figure 2A ).
Interestingly, concentration response analyses revealed that two analogs of MMPIP examined in more detail, VUSC001 and VUSC027, exhibited similar potencies to that of MMPIP itself (79.5 ± 11.8 nM and 49.2 ± 21 nM, respectively, Mean ± SEM) but exhibited saturable, yet incomplete, levels of antagonism of mGluR7-mediated responses induced by a concentration of agonist eliciting an 80% maximal response (maximal percent blockade, MMPIP, 100.7 ± 1.1%; VUSC001, 83.2 ± 4.1%; VUSC027, 62.3 ± 7.0%, Figure 2B ). These results are similar to This article has not been copyedited and formatted. The final version may differ from this version. previously reported studies with mGluR5 NAMs based on the MPEP scaffold (Rodriguez et al., 2005) . This suggests that NAMs in the MMPIP series exhibit a range of abilities to affect agonist-mediated calcium responses induced by L-AP4.
MMPIP and its analogs are less active in inhibiting mGluR7 regulation of GIRK channels compared to mGluR7-induced calcium mobilization. Chimeric and promiscuous G proteins are often used as surrogate strategies to more easily assess the activity of GPCRs that might be difficult to measure using other techniques or in high throughput format. mGluR7 is not thought to couple to Gα15 in native systems, however, but has been shown to couple to endogenous G i/o G proteins within different cellular backgrounds, including neurons, to induce downstream responses (Lafon-Cazal et al., 1999; Saugstad et al., 1994; Saugstad et al., 1996; Wu et al., 1998) . We recently developed a multiwell plate assay to assess mGluR7-mediated G i/odependent responses . This assay is based on the ability of G i/o G proteins to interact with ion channels via Gβγ subunits and measures the flux of the ion thallium through GIRK channels. When analogs of MMPIP were screened using this assay, it was observed that all MMPIP analogs showed weaker activity in inhibiting GIRK responses when compared to their activities in the calcium mobilization assay ( Figure 3A versus Figure 2A ).
The finding that a single concentration of MMPIP does not completely antagonize the GIRK response at a concentration that completely blocks the calcium mobilization response to mGluR7 activation could be due to a number of factors including differential potencies at inhibiting the two responses, different levels of negative cooperativity, distinct cell backgrounds, or a combination of these. We next performed full concentration-response analyses of MMPIP using mGluR4, mGluR7, mGluR8 and M4 muscarinic receptor-expressing cell lines. High concentrations of MMPIP inhibited thallium flux in multiple cell lines including the unrelated Figure 3C versus Figure 1A ).
At maximally effective concentrations, MMPIP induced only a 44.5 ± 4% inhibition of the EC 80 L-AP4 response. In contrast, previous studies from our laboratory have shown that the orthosteric antagonist LY341495 completely blocks L-AP4-induced responses in the mGluR7 thallium flux assay .
Due to the low affinity and efficacy of glutamate at mGluR7, L-AP4 is often used as a surrogate agonist. Additionally, in electrophysiology studies, L-AP4 is commonly used as a selective group III mGluR agonist rather than glutamate as glutamate activates all mGluRs as well as ionotropic receptors and glutamate transporters. As it is well known that the effects of allosteric ligands are highly dependent on the agonist, or "probe" used for receptor activation (discussed in (Leach et al., 2007) rather than, for the BHK cell line, Gα15; this might be expected as Gα15 couples weakly to mGluR7 (Corti et al., 1998) and our calcium responses in this cell line are detectable but extremely small compared to native or overexpressed Gq coupled receptors (data not shown). As with the cAMP measurements, MMPIP clearly induced responses alone; these responses were concentration-dependent, appeared to be specific to mGluR7 as there was no corresponding response in mGluR4-expressing cells ( Figure 7C ) and the wavelength shifts were in the opposite direction of those induced by L-AP4 (representative example of traces shown in Figure 6B ; resulting concentration-response curve for mGluR7/HEK cells shown as black squares in Figure   7C ). Concentration-response curves of L-AP4 in the presence of 1 µM MMPIP were, again, very different between the two cell lines, with much more robust inhibition being observed in Figure 7D ). Importantly, these concentration-response curves were saturable, suggesting that these effects are not due to differences in receptor expression between the two cell lines. A fit of the normalized data revealed that MMPIP blocked responses in mGluR7/HEK cells by 46.0 ± 1.8% with a potency of 156 ± 28 nM ( Figure 7D; Mean ±SEM, n=3). This level of inhibition was remarkably similar to the effect observed in the thallium flux assay when the data were corrected for nonspecific effects (44.5 ± 4%). In contrast, in mGluR7/BHK cells, MMPIP was exhibited a potency similar to that observed in the calcium assay as well as increased maximal blockade compared to mGluR7/HEK cells (75.2 ± 3.3%
blockade, 50 ± 15 nM; Mean±SEM, n=3).
MMPIP is ineffective at blocking L-AP4-mediated reductions of synaptic
transmission at the Schaffer collateral-CA1 synapse. In its native environment, mGluR7 is predominantly expressed in presynaptic terminals of excitatory glutamatergic synapses (Shigemoto et al., 1997) where it is thought to serve as an autoreceptor to inhibit glutamate release. The actions of group III mGluR activation have been most rigorously evaluated at a glutamatergic synapse in the hippocampal formation termed the Schaffer collateral-CA1 (SC-CA1) synapse Baskys and Malenka, 1991; Gereau and Conn, 1995) .
Activation of mGluR7 with L-AP4 reduces evoked excitatory postsynaptic potentials (EPSPs) at this synapse and evidence suggests that there is no contribution of mGluR4 or mGluR8 to the response to L-AP4 at the SC-CA1 synapse in adult animals . To assess the effect of MMPIP on mGluR7 activity in a native system, we determined the effects of this compound on L-AP4-induced modulation of transmission at the SC-CA1 synapse. Consistent Overall, the combination of in vitro pharmacology and electrophysiology results suggest that MMPIP exhibits differential degrees of negative cooperativity in different cellular contexts and is ineffective at antagonizing mGluR7 activity at a central glutamatergic synapse that is thought to reflect one of the major physiological roles of this GPCR in the CNS. 
Discussion
Until recently, the focus of most GPCR ligand discovery programs has been on the development of orthosteric ligands. Recently, allosteric compounds have begun to emerge as a potentially useful strategy by which to modulate receptor function and these ligands possess several advantages (discussed in (Conn et al., 2009) ). For example, many orthosteric ligands are based on chemical scaffolds that are difficult to optimize as drug candidates with ideal pharmacokinetic properties; in contrast, allosteric ligands are often amenable to chemical optimization. Furthermore, allosteric ligands often exhibit a high degree of selectivity for a particular receptor over closely related subtypes. Additionally, PAMs, which often have no effect on their own but instead act by potentiating the effects of the orthosteric ligand, have the ability to maintain the temporal and spatial activity of the endogenous agonist. While potential advantages of maintaining activity-dependence are largely theoretical, examples are beginning to emerge in which PAMs provide more physiologically appropriate increases in receptor function than is seen with traditional agonists .
As the development of allosteric ligands has grown, so has the appreciation of their underlying pharmacology. As these compounds bind to alternate sites on a GPCR compared to the endogenous ligand, it might be expected that they could place the receptor in a unique structural conformation that might not be achieved, or at least favored, in their absence. This could result in preferential regulation of certain pathways in the presence of an allosteric ligand. chemo-attractant-receptor-homologous molecule, CRTH2, on T helper (Th)2 cells. This compound has been shown to be inactive against prostaglandin D2-induced G protein-linked pathways but acts as a potent antagonist of G protein-independent, β-arrestin coupling to the same receptor (Mathiesen et al., 2005) .
The compound presented here, MMPIP, may best be referred to as exhibiting "contextdependent" pharmacology. MMPIP was discovered using a CHO cell line in which the promiscuous G protein Gα15 was co-expressed to induce calcium mobilization (Suzuki et al., 2007) . We generated a similar cell line using Gα15 and replicated the findings of Suzuki et al., including the observation that MMPIP seemed to act via a noncompetitive mechanism of action, suggesting that MMPIP behaves similarly when mGluR7 is expressed in either CHO or BHK backgrounds. However, further analysis of the effects of MMPIP and analogs revealed activities consistent with a range of negative cooperativities induced by members of this structural class in the calcium mobilization assay when mGluR7 was expressed in the BHK cellular background.
Movement to a different cell line revealed that MMPIP showed weaker potency and efficacy in inhibiting mGluR7 modulation of GIRK potassium channels and was essentially devoid of antagonist activity in blocking mGluR7-mediated inhibition of cAMP accumulation in contrast to its apparent inverse agonist effects. These experiments were designed to assess either Gβγ or In contrast to LY341495, MMPIP did not block mGluR7-mediated depression of transmission at the SC-CA1 synapse. While this does not necessarily imply that MMPIP will be ineffective at blocking all mGluR7 responses in native systems, previous studies suggest that the predominant role of mGluR7 in the CNS is to act as an autoreceptor involved in reducing transmission at glutamatergic synapses via G i/o -mediated signaling. Thus, it is possible that MMPIP will have relatively little effect on this important response to mGluR7 at other central synapses. MMPIP exhibited similar effects on L-AP4 versus glutamate-mediated thallium flux, suggesting that MMPIP will also exhibit low levels of negative cooperativity in blocking certain glutamate-mediated effects in vivo. In future studies it will be important to further evaluate the effects of MMPIP at other synapses and on other responses in CNS preparations. Interestingly, we and others have observed similar context-dependent effects with the allosteric mGluR7 agonist, AMN082. AMN082 appears to be capable of activating mGluR7 when measured in some pathways and cell backgrounds but not others ( Suzuki et al., 2007) , CMN, unpublished observations). Notably, AMN082 is similar to MMPIP in that this compound is without effect at the SC-CA1 synapse , further suggesting complexity in mGluR7 ligand pharmacology in terms of both NAMs and allosteric activators.
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The finding that the context of expression of mGluR7 plays a critical role in its function and pharmacology is, perhaps, not unexpected based on studies exploring the regulation of mGluR7 by intracellular interacting proteins. The mGluR7 C-terminal tail binds to a variety of interacting proteins such as the clustering protein PICK1 (Protein Interacting with C Kinase 1) (Dev et al., 2001; El Far and Betz, 2002) . PICK1 also binds Protein Kinase Cα (PKCα), and the three proteins form a complex at the active zones of presynaptic terminals (El Far and Betz, 2002) . Additionally, mGluR7a interacts with Ca 2+ /calmodulin, G protein βγ subunits, and the protein MacMARKS (macrophage myristoylated alanine rich C kinase substrate) via the Cterminal tail region (Bertaso et al., 2006) . It has been hypothesized that this complex signaling system, coupled with the low affinity of mGluR7 for glutamate, may provide a way to ensure that mGluR7 is only activated during periods of intense synaptic activity and allow the receptor to serve as an integrator of multiple presynaptic signaling events, including rises in intracellular calcium.
Bertaso et al. recently described an elegant set of studies in which the mGluR7a-PICK1 interaction was disrupted by employing a viral vector in which the last nine amino acids of the C-terminus of mGluR7 were used as "bait" to compete with full-length receptor-PICK1 binding (Bertaso et al., 2008) . Infection of neurons with this construct in vivo inhibited mGluR7-PICK1 interactions and led to absence seizures and EEG waveform changes specifically within thalamocortical brain regions. Interestingly, mGluR7 modulation effects induced by viral infection appeared to be specific to thalamo-cortical circuits and mGluR7 activity in the hippocampus, as assessed by c-fos immunostaining or EEG recordings, was not affected. These findings suggest that it is possible that protein-protein interactions or the cellular context in which those protein interactions occur may affect mGluR7 activity in vivo and raise the intriguing possibility that the This article has not been copyedited and formatted. The final version may differ from this version. pharmacology of ligands interacting with this receptor may be intimately regulated by proteinprotein interactions. It will be of interest to further explore these interactions and determine their implications for mGluR7-based drug design and development as this receptor is a key target for numerous CNS disorders such as epilepsy and anxiety (Niswender et al., 2005) .
